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tion it is found that He follows the changes of P, with pressure that matters; other things are of trifling or of 
eat accuracy, no matter what the variation of T, may no importance in comparison.” E; also that there is little connection between H, and An appendix contains a table, with brief introduction 

the water vapor. In  other words, “if the air ressure of seasonal standard deviations of temperature, pressure, 
at 9 kilometers is hi h, then He is large; an! if the and air density in England (S. E.) from the surface to 
pressure is low, then %Ie is small. It is certainly this 13 kilometers.- W. R. Gregg. 

VERTICAL TEMPERATURE DISTRIBUTION IN THE LOWEST 5 KILOMETERS OF CYCLONES AND ANTICYCLONES. 

By WILLIS RAY GREQQ, lleteorologist. 

[Dated Wfather Bureau, Washington, Octoher 30,1919.1 
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It has been conclusively shown, not only in Mr. Dines’ 
pa er, a review of which is given above, but also in several 

cyclones at  all altitudes in the troposphere, exce t a t  
and near the earth‘s surface in winter. This conchion 
is not indicated by observations made in the United 
States, and it is interesting to ascertain, if possible, the 
reasons for this difference in the two regions. First, 
thou h, it ma not be amiss to inquire what has hereto- 
fore E een the g asis of classification whereby certain obser- 
vations have been represented as having been made in 
cyclones or in anticyclones. Obviously, if the surface 
pressure has been the only guide, an entirely erroneous 
conclusion may have been reached, as a’ preponderance 
of observations in one quadrant of a cyclone or anti- 
cyclone would produce a result in no sense representative 
of the averaw conditions in the one system or the other, 
but rather tgose of that particular quadrant. Again, we 
occasionally have low-pressure anticyclones and high- 
pressure cyclones: if under such conditions the station 
pressure determined the classification we are likely to 
rnclude nian observations in one class which distinctly 

distance from the center to which the influence of a 
cyclone or an anticyclone may be said to estend isalso a 
perplexin one. In  general i t  is believed that the classi- 

barometric distribution prevailing in each case, and that 
on1 such observations should be included as are well 
wit E in the influence of the one system or the other, this 
determination being dependent, therefore, not only upon 
the station pressure itself, but also upon the character of 
the pressure gradient and upon the resultant wind con- 
ditions. Moreover, the obseryations should be as evenly 
distributed as possible among the yarious quadrants of 
the two systems, or, if this is im ossible, the mean values 

wei h t  may be given to each, for .it is undoubtedly true, 
in t &I is.country a t  least, that the influence of a nqrtherly 
or southerly component in the wind, charactertstic of 
rising and falling pressure, respectively, upon air. tem- 
perature is reater than that due to dynamic heatin or 
cooling witfin the ressure systems themselves. t h i s  

In  the table below are presented data based u on ob- 

Nebr. The Mount Weather data are taken from the 
Bulletin of the Mount Weather Observatory, volume 6, 
part 4; those for Drexel have not yet been published. In 
all case8 the classification has been made as indicated in 
the preceding paragraph. All quadrants are well repre- 
sented at Drexel; not so well at  Mount Weather, because 
of its loca’tion south of the storm tracks, thus making it 

otiers, P that in Europe cyclones are colder than finti- 

belong to t z e other. The question of the horizontal 

fication s K ould be made from a careful inspectioil of the 

in the quadrants should be ta-en, R 

point will be referre 1 to later. 

servations with kites at Mount Weather, Va., and 5 rexel, 

in order that equal 
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impossible to obtain many observations in the northern 
parts of cyclones. Quadrants arenumbered as follows: 1, 
northeast; 2, northwest; 3, southwest: and 4, southeast. 

TABLE I.-Mt*an free air t m  matures. OC., in cyclones and anticyclones 
at d c m t  r e a t h ,  ~ h .  
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TABLE ?.--Wean free air temperaturu, “C., in yeloner and mrficyclonu 
at Drexel, Nebr. 

WINTER. 
-_-__L__ 

- 8.8 

-10.2 
-15.0 
(-21.3) 

An examination of these two tables shows that both in 
summer and in at and near the sur- 
face are lower in than in c clones, more 

higher levels there is little difference in the values at 
Mount Weather, and that slight difference is in favor of 
the “cold cyclone” theory; at Drexel the anticyclone 
still continues colder than the cyclone, but the difference 

decidedly so at  a t  Mount %p- eather. At 
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Po 
1’8.. ...................... 0.37 

.40 .......... 

is not as large as at the surface. In  other words, the 
lapse rate in anticyclones is smaller than in cyclones, with 
the result that in the higher levels the values in the two 
pressure systems are very nearly equal. Whether or 
not the relation continues a t  still reater altitudes in 
this country is a matter yet to %e determined by 
intensive studies of additional sounding balloon observa- 
tions. 

In Europe, as has already been stated, the entire tropo- 
sphere, except a t  and near the earth’s surface in winter, is 
considerably colder during low th.an during hiah barome- 
tric pressure. What is the reason for these diit’erences in 
the two continents? Surely we can hardly assunie that 
different physical processes are in operation. Is not the 
reason rather to be sought in the relative effects of all 
the different factors that influence temperature distribu- 
tion in the free air 8 I believe this can be shown as follows: 
The climate of western Europe is essentially marine in 
character. As such its temperatures are subject to rela- 
tively small fluctuations due to the importation of air 
from adjacent localities under the influence of winds hav- 
ing successively a norther1 and a southerly component. 

spreading out of the latitudinal isothernis, thus adding 
to the moderating influences of the ocem. The result is 
that the effects of radiation, pressure, and vertical circula- 
tion are so much greater than those due to northerly or 
southerly winds as to produce what arc actually observed, 
viz, lower temperatures in cyclones than in anticyclones. 

The United States, on the ot,her hand, i. e., those por- 
tions in which observations have been made, has a 
t ically continental climate, and its temperatures are 
E r n a t e l y  affected by strong winds from a very cold 
northerly region and by alniost equally strong winds 
from a very warm southerly region. The fluctuations are 
large, so large indeed that the teiid to mask the effccts 

ter are operating, however, is perha s indicated by the 

the up er levels thnn a t  the earth’s surface; more pnr- 

south of most pronounced anticyclonic and cyclonic 
activity; moreover, its proximity .to the Atlantic gives 
it to some extent B marine climate, so far as easterly and 
southerly winds are concerned. 

Another probable contributing cause to the tenipera- 
ture differences in the two continents is the fact that 
pressure systems in Europe move only about two- thirds 
as ra idly as do those in the United States. In Europe, 

vertical circulation, etc., are more ronounced, since they 

A further ins ection of Tables 1 and 2 raises the ques- 

temperatures with respect to the character of the press- 
ure change, falling or rising, rather than to consider the 
cyclone or the anticyclone as a unit in itself. Thus, i t  
will be observed that the temperatures in quadrants 1 
and 4 of cyclones agree closely with those in quaclrant,s 
2 and 3 of anticyclones, and vice versa; in other words, 
that falling pressures, accompanied by southerly winds, 
have high temperatures: and rising pressureS, accom- 
panied by northerly winds, have low temperatures. To 
dustrate this, the values in Tables 1 and 2 have been 
regrouped in Table 3. 

The proximity of the G & Stream tends further to u 

of the other factors already re f erred to. That t.hese lat- 

fact that there IS less difference in t % e teniperatures at  

ticular P y is this true a t  Mount Weather, which lies to the 

there ! ore, the heating and cooling effects of radiation, 

have greater opportunity for deve f opment. 

tion as to whe & er it is not more logical to c.lassify the 
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TABLE 3.-Mean sttinme)“ and winter free air temperatures, “C, over 
fallinq and rising air pressure, as observed at Mount Weather, Va., anrl 
Drexd, Nebr. 
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DREXEL, NEBR. 

396 .......................................... 31.8 
500 .......................................... 21.3 

2,0110 ......................................... I 13.9 
R.Oln ......................................... 7.5 
4m ......................................... 0.9 

l,m .. ........................................ I 1Y.8 

5:ooo.. ....................................... (- 4.9) 

18. 9 
18.5 
15. 2 
A. 9 
2. i - 2.4 

(- 9.2) 

These values are based on about 300 observations. 
They show a definite relationship between the wind 
direction and temperature a t  the surface and a t  3 km., 
whereas no such relationship is indicated in Mr. Dines’ 
values for Euro e. Moreover, the coefFicients for Po 
and To and for and Ts at Dresel are opposite in sign 
to those for Europe, the annual valuesbeing-0.51 and 
-0.40, respectively. In winter they are-0.76 and-0.44. 
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No such connection appears in the annual means for 
Mount Weather, but in winter the coefficient between 
Po and To is-0.41. These figures confirm the conclu- 
sions already given, vix., that in the United States, par- 
ticularly in the interior portions, wind direction exerts a 
greater influence on the air temperatures than does the 
sea level pressure. 

THE O R l O l N  OF ANTICYCLONES AND DEPRESSIONS. 
By Lieut. JOHN LOGIE. 

[AWraeted from Proceedings Royal Society, Edinburgh, 1918, vol. 39, pp. %l-ii.;i 

The essential feature of this theory is “that the chief 
cause of depressions and anticyclones is to be sought 

1 d. abstract, Sd. Abs., Aug. 31,1919, p. 361. 

in the phenonienon of radiation; * * * that cyclones 
are caused by c o o h y ,  and antic.yc1ones by heating of the 
air.” 

Thet temperature chaiiwes lead in turn to pressure 
changes is, of course, wel~known; hence, iiiuch of the 
arguiiimt in this paper is new oiily in form. It is dso 
known that clouds modify the effects of insolation in 
the manner claimed. 

The paper is well worth reading for it deals, in the 
language of thmnodjmaniics, with a contributing factor 
(ant1 in our opinion only a factor) in the production of 
cyclones and anticyclones ; a problem full of difficulties, 
and whose solution is urgently needed.- W. J. H. 

GENERAL MOVEMENTS OF THE ATMOSPHERE. 
(Discussion.) 

In a recent aper H. H. Hildebrandsson has pre- 

able information on the subject of free air wind condi- 
tions. This information is based on observations of 
cloud and volcanic dust niovenient and on those with 
kites, pilot and sounding balloons. From the study are 
drawn certain conclusions, sweeping in character, which 
appear to be well founded, providing we can accept the 
data on which they are based as representative of all 
conditions. They are not representative, howeyer, ancl 
the conclusions, a t  an rate sonie of them, are therefore 
not final. Particular$ is this true of the conclusion 
No. 7, which reads: ’‘ * * * a direct upper current 
froni the Equator to the poles does not esist, nor a lower 
current in the opposite direction from the poles to the 
E uator.” 
kost unfortunately neither upper clouds nor free 

balloons can be observed as a rule during conditions in 
which a southerly component in the u er winds is to 

generally stormy weather. That, is to say, when a 
oyclone is approaching or is passing to the north of a 
station, upper winds are strong and have a decided 
southerly component. This condition is found when 
observations can be made with a cyclone in that posi- 
tion, as is well shown, for example, in figures 4 1  and 
43 of Cave’s “The Structure of the Atmosphere in Clear 
Weather.” But in most cases such observations can not 
be made in the eastern half of a cyclone because of low 
clouds. The same thing is true of northeasterly and 
easterly surface winds under the influence of a cyclone 
approachin from the southwest with an anticyclone 

discussed on pages 6 and 78 of Cave’s war%. See also, 
in this connection, “Rules” 1, 2, and 4 in “The turning 
of the winds with altitude,” MONTHLY WEATHER RE- 
VIEW, Januar 1918, P.. 21. Under suchconditions 
kites can not i? e flown owing to the esistence of a calni 
stratum between the surface easterly and the u per 
southwesterly wind, nor can balloons or upper clou& be 
observed, because of rainy weather or at least dcnsc 
cloudiness in the lower layers. It follows, then, that 
undue wei h t  is given to the observations made in the 
western h s f of cyclones where a northerly coniponent 
in the upper winds is to be expected and is usually 
observed. Yet we find that even when the reater 
wei ht is given to observations in the western %df of 

sented the res s ts of an eshaustive study of all a-rad- 

, 
be expected because of the esistence o FP ow clouds ancl 

to the nort 5 or northwest, as shown in f i w u r e  47 and 

cy d ones, still the resultant wind is almost exactly 
1 Results of some em irk researches as to the general movrmrnts of the atmosphere 

Translath by W. W. &ed. MOHTELTWEATEEB REVIEW, June, l919,47, pp. 374-389. 

westdy. Whn t woulcl happen if representative obser- 
nt.ions could be obtnined in all 1mrt.s of c lcones and 
nnt~iq~lc~nes ! Most certainly we should fin( Q a resultant 
westerly wind with tt siiiall soutlicrly component, prob- 
ably so sninll that, it  ~-ould be shown only by the mean 
of a very large iiuniber of obseryatioiis-observations 
which unfort.unately can not be made, at  le& with 
present methods, for the rea.sons already given. 

Practically no free air obsemations haw been made 
at, sea in middle latitudes, the one region where tho 
planet.ary circulation should find great,cst opportunity 
for unr(strict,ctl drrelopnient. C‘ontli t.ions here can be 
judgtd only from the morenirnts of cyclones. These as 
a rule t,ravel r.ast.northrast\~arcl, and it  is generally rec- 
ognizcd that on t.he awrage they follow t.he direction of 
the upper winds. ZJnless we consicler conditions in all 
parts of the t.emperate zones, we can draw no k a l  con- 
clusions. 

From therontical considerations it is certainly to be 

As is well known t.he 

i. e., 5 t.0 15 liilometers consists of a decrease from the 
t.ropics t owarti tlie polar regions. The corresponding tem- 
perature clirmge is very small, wit.h the result that the air 
density also clccreases poleward. Under ideal condi- 
tions t.he resulting wind woulcl be esactly parallel with 
the isobars, i. e., west to east. But conditions are never 
ideal in any part of the atmosphere. At  the surface, 
where frict.ion and other retarding effects are most in 
evidence, the clcparture from LL gradient wind is esceed- 
iiigly largo. At t.hn higher lends t.hesc eff&s, which in- 
clude friction, t.iirbulence and viscosity, disappear to a con- 
sidcrable cst,ciit., but most assuredly not alto 
they are still present (and i t  must he 
are) t-hen the winds must necessarily 
wit’h the iosbars, i. e., t.he mvailing 

osed that the prevailing westmlies have in tlie mean 

presswe variation at intermediate altitudes, , 
southerly component. 

levels have a slight souther I y component. 
How does this air return equatorward ? In all proba- 

bility pract.ically all of it does so in the lower 5 kilome- 
ters. Here we find a laditudinal variation in pressure 
mcl temperature such t,hat the air clcnsit,y decreases from 
north to south, a condition that favors a slight northerly 
component on the average in the winds at these levels. 
The actual transfm is accompljshed for the most part in 
the movemcnt.s of anticyclones from north to south, es- 
pecially over the cont.inents. In  II relatively short time 
as much air can be carried southward in this way aa is 
carried northward at higher altitudes in a much lo 
time, owing to the greater density in the former than in t 0 7 


